Abstract. Treatment of water by membrane filtration process has been well established. However, its application on landfill leachate effluent treatment is quite limited. This study was undertaken to investigate suitability of this process on leachate effluent treatment generated from Pulau Burung semi aerobic sanitary landfill. Three types of membrane namely Nylon, Resin and Poly-propylene (PP) were used in this study. The pore sizes were 1 µm and 5 µm. The effects of different filtration rates on leachate treatment were studied. The parameters studied were COD, colour, suspended solids (SS) and turbidity. A set of batch studies were carried out in order to evaluate the effectiveness of the membrane filtration process in leachate effluent treatment. The results indicated that Poly-propylene membrane with pore size 1 µm had the best performance in reducing all the parameters whereas the Resin membrane gave the poorest results. It can be deduced that the filtration rate of 10 mL/min exhibited the highest removal efficiency. Poly-propylene membrane with pore size 1 µm and at filtration rate of 10 mL/min was found to be the most effective membrane to remove COD, colour, SS and turbidity.
INTRODUCTION
Landfilling has remains as the most common method for the disposal of municipal solid wastes generated by different communities in Malaysia. One of the typical problems that associate with the landfilling method is generation of the leachate. Al-Hamadani et al. (2004) reported that landfill leachate is a heavily contaminated and a likely hazardous liquid that is produced as a result of water infiltration through solid wastes generated industrially and domestically. Leachate can migrate away from landfill; it may cause serious pollution to the groundwater aquifer as well as adjacent surface water. Consequently, one of the major issues to deal with is the collection, storage and suitable treatment of highly contaminated leachate (Baig et al., 1999) .The impact of landfills is also long term. This is due to the fact that landfills will continue to produce leachate and release biogas for a long period after closure (Bashir et al., 2012) . Therefore, biological treatment and physicochemical treatment techniques such as activated sludge treatment, rotary disc, sedimentation with coagulation, activated carbon adsorption, membrane processes have been widely used in leachate treatment. These methods can contribute to the removal of chemical oxygen demand (COD), biological oxygen demand (BOD 5 ), metals, suspended solids, colour, and ammonia (Agamuthu, 2001 ).
Membrane technologies other than simple osmosis like electrodialysis and ultrafiltration are not common in leachate treatment due to the fact that most membrane technologies will suffer from problems that associated with blockage of the membranes. This is because the membrane surface and inside the membrane process are deposited by inorganic, organic and microbiological substances (Wiszniowski et al., 2005) . Membrane processes deal in separating two solutions with different concentrations by a semi permeable membrane. In this process, pressure is added to the more concentrated solution, forcing the water to flow from the higher concentration to the lower concentration. Microfiltration (MF) and ultrafiltration (UF), operated singly or in combination with reverse osmosis (RO) and nanofiltration (NF) are membrane processes applied in landfill treatment (Bodzek, 1999; Trebouet et al., 2001) . Robinson (2005) reported that in the late 1980s, UF and RO systems were used to clean leachate by separating and concentrating the solids. Due to the high ability of modern high-rejection osmosis membranes to retain both organic and inorganic contaminates, an efficiency level of 98-99% can be achieved (Peters, 1998) .
The results of tests carried out with membranes in a previous research project suggested that membrane filtration could be effective for solid or liquid separation. One of the major disadvantages of these membrane processes is fouling or biofouling of the membrane, induced by deposits of inorganic, organic and microbiological substances on both the membrane surface and inside the membrane pores. Successful application of membrane technology for the treatment of the landfill leachate requires an efficient control of membrane fouling (Trebouet et al., 2001 and Bodzek, 1999) . The removal of potential foulants including dissolved organic and inorganic substances, colloidal and suspended particles can be achieved by pH adjustment, pre-filtration and coagulation.
This study was carried out to study the effect of filtration rate, filter pore size and different membrane type in removing suspended solids, colour, turbidity and COD from pre-treated landfill leachate. Also, to investigate the efficiency of the different membrane, i.e. Nylon, Resin and Poly-propylene (PP) with pore size 1 µm and 5µm. Its focused on Pulau Burung Sanitary Landfill is a semi-aerobic landfill which is situated within Byram Forest Reserve in Penang, Malaysia.
MATERIALS AND METHODS

Sampling and Characterization
Effluent leachate samples were collected from final sedimentation tank of the Pulau Burung landfill (PBL) leachate treatment plant before it is discharged to the drain. Figure 1 shows the schematic diagram of the treatment procedures in PBL treatment plant. The unit for turbidity is FAU (Formazin Attenuation Unit) and the range is from 0 to 4400 FAU. Colour was measured by APHA Platinum-Cobalt (PtCo) standard method, by DR/2010 spectrophotometer. Colour was measured at 455nm wavelength (program number 120) and the range is from 0 to 500PtCo. Before each determination, samples were filtered with filter paper with pore size 0.45µm and the distilled water was used as blank. The characteristics of the samples are demonstrated in Table 1 . 
Experimental Procedure
Firstly, a tank size 350 mm × 550 mm × 400 mm was chosen as the membrane reactor. Since gravity flow was used in this system, the bottom of the tank was drilled and the hole was connected with a pipe. In order to increase the pressure head of the leachate effluent, the reactor was placed on the table. The pipe was connected with a valve which is used to control the filtration rate of the leachate effluent. The flow system was then connected as shown in Figure 2 . The effect of filtration rate from (10 to 50 ml/min) in removing suspended solids, colour, turbidity and COD were studied. Poly-propylene membrane with pore size 5 µm was used in this study. Furthermore, a series of experiment carried out to study the efficiency of different types of membrane filters (Nylon, Resin and Poly-propylene (PP) with pore size 1 µm and 5µm). Besides that, the effect of pore size of membrane also studied by comparing the results obtained by PP (1 µm) and PP (5µm) membrane. Each filtration was continuously run for 4 days in a week.
Daily changes of each parameter were determined. At the end of each week, the removal percentage of each parameter was determined for each of flow rate and each type of membrane filter using standard methods (APHA, 2005) .
RESULTS AND DISCUSSION
The effect of filtration rate on the removal efficiency
Colour Removal: Lower filtration rate exhibited better removal of colour as demonstrated in Fig.3 . This is may be due to the higher retention time.
Colour removal efficiency at all filtration rates were fairly low and in the range between 4 to 18%. This is may be due to the suspended solids and turbidity removal in this study was not very good, therefore, the overall results for colour removal was also very low (< 20%). The presence of ion metallic or organic dissolved matters like humic substance (Zouboulis et al., 2004) in leachate effluent which can pass through the membrane filter.
COD removal: Fig. 3 shows the effected of filtration rate on COD removal, COD removal efficiency increased when the filtration rate was decreased. The COD removal efficiencies were 38.6 Return Effluent %, 34.8% and 22.2% obtained at filtration rates of 10, 20 and 30 ml/min, respectively. According to Vogel et al. (2000) , it is difficult to achieve lower COD value in leachate effluent. It may be caused by higher ammonia level in leachate as ammonia is a difficult inorganic matter to oxidize or reduce. Vogel et al. (2000) also pointed out that one third ( 3 1 ) of the COD in leachate is influenced by the inorganic matters such as Fe (II), manganese (II), sulphide, ammonia and chloride. Therefore, the achievement was very low for this case in simple membrane filtration process.
SS Removal: The SS removal at filtration rate of 50 mL/min was very low (about 54%) compared to the others. At filtration rate of 40 mL/min, removal fluctuates from first day to third day of experiment. At filtration rates of 30 and 40 mL/min, the removal were almost same at the end of the experiment. Good removal of SS was observed at filtration rate of 10 and 20 mL/min, with 78% and 71% reduction, respectively. It can be concluded that low filtration rate can give good results in removing the SS due to higher retention time. The overall removal of SS achieved by membrane filter, Poly-propylene (5 µm) was below 80%. This may be caused by the dissolved matter and colloidal materials which is available in the leachate. These type of materials can pass through the micro-membrane and normally it is called permeate (Ziyang and Youcai, 2007) . Graph of particle size distribution on the filtrates sample at filtration rate of 10 mL/min (Fig. 4) , indicated that about 28% of the particulate in leachate are less than 5µm. This means that at least 28% of the particulate can pass through the micro-membrane and remained in the samples.
Turbidity Removal: Fig. 3 shows turbidity removal efficiency at different filtration rates. The results were similar as the case of SS removal. As seen from Fig.  3 , the turbidity removal efficiency at all filtration rates were low and in the range of 45 to 77%. This is due to the SS in leachate can contribute greatly to the turbidity (Ziyang and Youcai, 2007) . Sciences (IJSRES), 1(3), pp. 36-43 
Effect of different membrane type on the removal efficiency
The effect of different types of membranes, i.e. Nylon, Resin and Poly-propylene (PP) on the removal of colour, COD, SS and turbidity were carried out by using constant filtration rate of 10 mL/min. The effect of pore size of membrane was also studied by using PP (1 µm) and PP (5 µm). Colour Removal: Nylon membrane exhibited the highest colour removal as illustrated in Fig.5 , which ranging from 18-24%. Besides that, there was no significant different on the removal of colour by PP (1 µm) and PP (5 µm) membranes. The removals obtained by both were in the range of 10 to 20%. The colour removal by Resin membrane was fairly low, which was less than 12%. However, all the membranes did not give very good results (< 24%). As previously stated, this may be due to the presence of ion metallic or organic dissolved matters like humic substance (Zouboulis et al., 2004) in leachate effluent which can pass through the micro-membrane and remained in the leachate (Ziyang and Youcai, 2007) . Thus, poor result for colour removal was obtained in this study.
COD Removal: Fig. 5 (B) shows that the COD removal by PP (1 µm) and PP (5 µm) membrane were greater than 35%, which was 41.7% and 38.6%, respectively. There was no significant dropped on the removal for these two membrane. However, for Nylon membrane with pore size 5 µm, the percentage of COD removal dropped to 21.0%. The removal for Resin membrane with pore size 5 µm was less than 13%. Besides that, it can be deduced from Figure 4 that smaller pore size exhibited higher removal of COD. The range of percentage of COD removal by 1 µm membrane was 28 to 42% as compared with 18 to 38% at 5 µm.
SS Removal: Fig. 5 (C) shows SS removal efficiency by using different types of membrane filters at constant filtration rate (10 mL/min). Percentage of SS removal using the Resin membrane was very low with only 51% reduction. In addition, it can be deduced from Figure 4that there was no significant different on the removal of SS by Nylon, PP (1 µm) and PP (5 µm) membranes. The removals for these membranes were in the range of 74 to 84% of SS removal. PP (1 µm) has the best performance in removing SS from the leachate effluent. This is because it has the smallest pore size compared with the others.
Turbidity Removal: Fig. 5 (D) shows turbidity removal efficiency by using different types of membrane filters at constant filtration rate, 10 mL/min. There was no significant different on the removal of turbidity by PP (1 µm), PP (5 µm) and Nylon membranes.
The removals for these membranes were in the range of 54 to 86%. However, the range of turbidity removal was between 10 to 53% for Resin membrane. Most of the results had almost similar trend with the SS removal. As can be seen from Fig. 5 , all the lines have almost similar trends with the SS removal. This is due to the suspended solids can contribute to the turbidity of the leachate (Ziyang and Youcai, 2007) . Therefore, once the SS were removed, the turbidity of the leachate also decreased. 
CONCLUSION
From the previous results, the best performance of COD, colour, suspended solids and turbidity removal efficiency achieved at filtration rate of 10 ml/min were 38.6%, 18.0%, 78.3% and 76.7% respectively, whereas 50 mL/min gave the poorest results for all parameters removal except for colour. Removal efficiency of COD, colour, suspended solids, and turbidity removal was increased by using low filtration rate. Poly-propylene (PP) was the most efficient on parameters removal as compared with the others. However, PP (1 µm) performance was better than PP (5 µm), the result shows 41.7% removal of COD, 84.4% removals of SS and 86.2% removal of turbidity. Nylon membrane (5 µm) was most efficient on colour removal as compared to the others (22.6% of colour removal). Removal of colour was not really efficient with membrane filtration method. Thus, other treatment method such as coagulation and flocculation method may be studied further. Ferric chloride can also be used to remove colour.
